Background. Achieving negative surgical margins is critical to minimizing the risk of tumor recurrence in patients undergoing breast conservation surgery (BCS) for a breast malignancy. Our objective was to perform a systematic review comparing reexcision rates, sensitivity and specificity of the intraoperative use of the margin assessment techniques of imprint cytology (IC) and frozen section analysis (FSA), against permanent histopathologic section (PS). Methods. The databases PubMed, Web of Knowledge, Cochrane Library and CINAHL Plus were searched for literature published from 1997 to 2011. Original investigations of patients who underwent BCS for breast cancer that evaluated margin assessment with PS and/or IC or FSA were included. Of 182 titles identified, 41 patient cohorts from 37 articles met inclusion criteria: PS (n = 19), IC (n = 7) and FSA (n = 15). Studies were summarized qualitatively using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist for cohort studies and the Strength of Recommendation Taxonomy (SORT) numerical scale for diagnostic studies. Results. The final reexcision rates after primary BCS were 35 % for PS, 11 % for IC (p = 0.001 vs. PS) and 10 % for FSA (p \ 0.0001 vs. PS). For IC, reexcision rates decreased from 26 to 4 % (p = 0.18) and for FSA, reexcision rates decreased from 27 to 6 % (p \ 0.0001). The pooled sensitivity of IC and FSA were 72 and 83 %. The pooled specificity of IC and FSA were 97 and 95 %. The average length of each technique was 13 min for IC and 27 min for FSA. Conclusions. Patients who underwent BCS with intraoperative IC or FSA to assess negative surgical margins had significantly fewer secondary surgical procedures for excision of their breast malignancies.
pooled sensitivity of IC and FSA were 72 and 83 %. The pooled specificity of IC and FSA were 97 and 95 %. The average length of each technique was 13 min for IC and 27 min for FSA. Conclusions. Patients who underwent BCS with intraoperative IC or FSA to assess negative surgical margins had significantly fewer secondary surgical procedures for excision of their breast malignancies.
Breast conservation surgery (BCS) with radiation has become the preferred method of treatment for patients with Stage I and II breast cancer after the 1990 Consensus Conference on Breast Cancer from the National Institutes of Health. 1 To achieve an oncologically and cosmetically successful BCS, performance by the surgeon and an accurate assessment of the surgical margins by the pathologist are critical. Several studies have clearly defined that achieving a negative surgical margin on patients undergoing BCS is imperative. 2 Despite this, there is no consensus on what constitutes a negative margin; it varies from cancer not touching the ink in the specimen to 3 cm of normal tissue around the tumor. 3 Local recurrence rates increase in patients who have persistent positive surgical margins compared to patients with negative margins. [4] [5] [6] [7] The best cosmetic results are obtained during the primary BCS procedure. Reexcision of the breast results in a greater volume of resected tissue than with a single primary excision, which ultimately may affect cosmesis. In addition to the added costs of revision surgery, reexcision BCS leads to increased patient anxiety and a higher likelihood of infection. 8 Consequently, it is important to identify intraoperative margin assessment methods that would decrease reexcision rates.
Two intraoperative margin assessment methods are frequently reported in the literature: frozen section analysis (FSA) and touch preparation or imprint cytology (IC). FSA is the intraoperative technique that has been most widely used to analyze breast tumor excisions. It consists of freezing and sectioning the sample followed by thawing, fixation and staining. Reports indicate that FSA may cause artifacts in the fatty tissue as a result of the process of freezing and thawing, resulting in loss of tissue. This technique takes approximately 30 min. 9 Because of the disadvantages of FSA, IC has been proposed as an alternative intraoperative method. IC is a simple and rapid method where the excised mass is oriented and pressed onto glass slides making an imprint of all 6 margins. Slides are then fixed and stained. The principle is based on the cellular surface characteristics where only malignant cells will adhere to the slides and adipose cells will not. This method has been reported to take only an average of 15 min to provide a diagnosis. 2 Variability in the sensitivity of the method has been reported and is related to the size of the tumor and the cytological skills of the pathologist. 9 Errors of interpretation are linked to specimen surface irregularity, dryness and presence of atypical cells. 10 Currently, there exists no systematic review that addresses the impact of these two intraoperative surgical margin assessment techniques in patients undergoing BCS. The primary objective of this work was to systematically review data published in primary studies of IC and FSA and to compare surgical reexcision rates, sensitivity and specificity of these techniques after primary BCS against, permanent histopathologic section (PS).
METHODS

Literature Search
The databases PubMed, Web of Knowledge, Cochrane Library and CINAHL Plus were searched from 1997 to July 1, 2011, using the strategy shown in Fig. 1 . The study period from 1997 was chosen, as important cohort studies with intraoperative IC and FSA occurred after 1997. References of included articles were also searched. The overall search strategy included terms for breast cancer (e.g., breast neoplasm, breast cancer), imprint cytology (e.g., Touch prep* cytology, TPC, imprint cytology, intraoperative imprint cytology), frozen section analysis (e.g., frozen section or FS), surgical margin (e.g., surgical margin*, margin assess*, margin evaluat*), conserving surgery (e.g., conserving surger*, lumpectomy, partial mastectomy*, segmental mastectom*, quadrantectomy) and reexcision rate (e.g., reexcision rate, reexcision rate) and was limited to peer-reviewed human studies. No language restrictions were applied.
Selection Criteria
Articles for inclusion and exclusion were screened by a single reviewer blinding for journal, authors, institution, and country of origin. The inclusion criteria for the overall search targeted articles with the following: (1) individuals with cancer undergoing BCS; (2) surgical margin assessment technique (IC, FSA, PS, or some combination), reexcision rates, and/or specificity and sensitivity values for both intraoperative techniques; (3) study sampling and methods stated and; (4) publication was peer-reviewed. Articles that included sufficient data for cross-tabulation of the results of PS, IC and FSA were included. Articles were excluded if they analyzed or mixed data of lymph nodes, they used other intraoperative margin assessment techniques, or if studies were case reports or meeting abstracts.
Assessment of Methodologic Quality
Articles were extracted and assessed for quality following the same blinding criteria as above. Abstracted data included patient demographics, type of breast cancer, surgical margin assessment techniques, reexcision rates during and after primary BCS, sensitivity and specificity of IC and FSA, false-positive and false-negative cases for IC and FSA, and study quality and type. Quality was assessed by using components of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist for cohort studies and the Strength of Recommendation Taxonomy (SORT) numerical scale for diagnostic studies. 11, 12 To judge quality, information was abstracted on population source, whether the study had institutional approval, statistical methods and publication bias. 
Data Synthesis and Statistical Analysis
Data were used on a per-tumor basis rather than perpatient basis to calculate reexcision rates, sensitivity and specificity. Some patients had more than one tumor extracted and analyzed and each tumor was considered as an independent specimen. If sensitivity and specificity data were missing, they were calculated from the available data. To avoid overlapping patient populations, data on recruitment years, data source and geographic location were compared. If there were multiple publications of the same author with the same patient population, only the most comprehensive and relevant study was included. This resulted in the exclusion of one article. 13 Nine authors were contacted for unreported secondary information to complete the data tables, and one author replied. From the studies selected, only nine had a SORT/ STROBE score of 2 and the rest had a score of 1, suggesting the findings of this study are reliable.
The final reexcision rates among three groups (FSA, IC and PS) were compared by a general linear model with a t test. The t test was also used to compare the intraoperative reexcision rate and final reexcision rate within IC and FSA pairs during and after primary surgery. Finally, the sensitivity and specificity between FSA and IC groups was compared by t test. All analyses were conducted by SAS software (SAS Institute, Cary, NC).
RESULTS
Our literature search yielded 182 potentially relevant articles, of which 67 were evaluated in full text. Most excluded studies did not report reexcision rates or mixed intraoperative methods. Of the 67 articles, 37 primary studies were eligible for inclusion in the systematic review. The number of publications doesn't match the number of patient cohort data sets included in the analysis. Four of 37 publications contained two different sets of data within the same publication, resulting in 41 patient cohort data sets for analysis.
14-17 Nineteen publications were included for the analysis of permanent section, seven for IC and 15 for FSA.
Description of Studies
The 37 articles included in this systematic review were homogeneous in their primary goal. The articles measured reexcision rates or recurrence rates on patients undergoing BCS either with intraoperative IC, FSA and/or PS. All studies were conducted in medical institution-based surgical and pathology units. Nine studies used prospective cohorts of breast cancer patients and the remaining utilized retrospective cohorts. Most studies analyzed the use of intraoperative FSA and IC in all types of breast cancer. Five studies analyzed data from patients exclusively with invasive carcinoma; three studies analyzed data from patients with in situ carcinoma, and one included phyllodes tumors.
The studies were conducted in the United States (n = 21), Canada (n = 1), Brazil (n = 2), Europe (n = 9), Turkey (n = 1), Asia (n = 4), and Australia (n = 1). Sample sizes ranged from 44 to 2,770 for PS studies (Table 1) , from 12 to 1,193 for IC studies (Table 2) and from 54 to 1,016 for FSA studies (Table 3 ) with a median of 351, 328 and 259, respectively.
Permanent sections and frozen sections were stained with hematoxylin and eosin in all but one study in which methylene blue was used. 18 The majority of IC studies used the Diff-Quik (Baxter Diagnostics, McGaw Park, IL), rapid Papanicolaou and hematoxylin and eosin techniques. The surgical margin results of IC and FSA were categorized as positive, suspicious/close or negative in all studies. Six articles reported the time taken to perform intraoperative IC (mean, 13 min; Table 2 ) and four articles reported the duration of FSA (mean, 27 min; Table 3 ). One FSA study reported a mean of 53 min as they performed a total circumference sampling of the specimen which required more slides to analyze. 19 From the IC and FSA analysis publications, cross-tabulation of results against permanent section was either reported or could be inferred from the data provided.
Reexcision Rates
The total number of tumors analyzed across the studies of permanent section was 10,489 with a mean of 542. For IC, a total of 2,296 tumors were analyzed with an average of 300 specimens. Finally, 3,621 tumors were analyzed in FSA publications and 259 tumors were studied on average.
By means of the general linear model, we found significant differences in final reexcision rates among the three groups with an overall p-value of \0.0001. Subsequently, we performed a detailed examination with the t test. The final reexcision rates of FSA (10 ± 6 %) was significantly lower than PS (35 ± 3 %) (p \ 0.0001). The final reexcision rate of IC (11 ± 4 %) was also significantly lower than PS (35 ± 3 %) (p = 0.001) (Fig. 2a) . The final reexcision rates for FSA versus IC were not significantly different (p = 0.92).
To further analyze the effects of intraoperative IC and FSA during primary BCS, we compared intraoperative reexcision rates and postoperative reexcision rates within FSA and IC. For FSA, the intraoperative reexcision rate of 27 ± 9 % was significantly reduced to a final rate of 6 ± 6 % (p \ 0.0001). Similarly, the intraoperative reexcision rate for IC (26 ± 21 %) was reduced to a final reexcision rate of 4 ± 7 %. However, it was not significantly different (p = 0.18) as a result of the variation in the IC group (Fig. 2b) . We found that the intraoperative reexcision rate for FSA was not statistically different from the IC group (p = 0.86).
Sensitivity and Specificity
Five IC studies and nine FSA studies were used to analyze pooled intraoperative sensitivity and specificity. The sensitivity of FSA (83 ± 13 %) versus IC (72 ± 38 %) was not significantly different (p = 0.53). Similarly, the specificity of FSA (95 ± 8 %) versus IC (97 ± 3 %) was not significantly different (p = 0.58). In IC studies, the occurrence of false-positive cases was primarily the result of the observation of atypical cells with characteristics of invasive components. False-negative cases were due to patients presenting with ductal carcinoma-in-situ, then invasive lobular carcinoma and lobular carcinoma-in-situ (Table 2) . With the intraoperative use of FSA, false-positive cases were linked to atypical cells and sclerosing adenosis. Conversely, false-negative cases were due to all types of malignancy (Table 3) . Overall, there were more false-negative cases when using intraoperative FSA in comparison with IC. In one study of FSA, false-negative findings correlated with younger patients and with larger tumors. 20 In other FSA publications, a correlation was found between false negative cases and patients with small volume of lesions, microcalcifications and neoadjuvant therapy.
18,21
DISCUSSION
The intraoperative use of margin assessment techniques in breast cancer patients undergoing BCS has proven to be sufficiently rapid to be used in a clinically relevant time period during the original surgical procedure. In addition, this approach can efficiently reduce but not eliminate the need for additional surgeries to attain negative margins in these patient populations. Both FSA and IC had a final pooled reexcision rate of approximately 10 %, which is meaningful for surgical outcomes. During surgery, IC took less than 15 min and FSA took less than 30 min to perform. The sensitivity and specificity for IC was found to be comparable to FSA. However, there was a greater degree of variation present in the sensitivity of IC among studies. Overall, for IC and FSA, most false-negative cases were observed in tumors diagnosed with in-situ disease. In addition, false-negative cases for FSA occurred on specimens from invasive ductal carcinoma. These false-negative cases could be related to sampling errors, size of tumor, size of lesions and the nonpalpable state of the tumor.
Results of this systematic review are limited by the quality of the reporting of the studies analyzed. Both prospective and retrospective patient cohorts were reviewed; however, no randomized clinical trial data were available on this topic. On the basis of SORT and STROBE criteria, the quality of the studies selected was high; even though it is difficult to make comparisons when there are variations in the IC method, histopathological staining techniques and FSA specimen sectioning. The experience of the pathologists with each technique, especially cytopathological proficiency, was seldom mentioned and bias was unlikely to occur because most patients had the intraoperative and histological tests performed as part of a protocol. Increased utilization of intraoperative IC and FSA is likely to lead to declines in reexcision surgery, surgical costs, patient anxiety and surgical complications and increases in cosmetic results, patient safety and patient satisfaction. Indeed, Uecker et al., have demonstrated the cost savings associated with intraoperative assessment of surgical margins through reduced surgical reoperations from two hospitals in Austin, TX. 22 In the hospital that performed routine PS, 60 % of cases required reoperation with average costs of $22,013 per patient. Whereas in the hospital that performed intraoperative assessment, 24 % of cases needed reoperation with average costs of $15,341. Likewise, a recent cost-effectiveness analysis of FSA by Osborn et al. compared patients who underwent lumpectomy with and without intraoperative margin assessment. 23 Patients who had lumpectomy without FSA, underwent a reoperation 15-50 % of the time, while patients who had FSA executed during BCS, had a reoperation 3 % of the time and the costs to provider and payor were significantly reduced.
The results of this review suggest that it is worthwhile for clinicians to consider adopting the use of IC and FSA if their current reexcision rates exceed 10 %. The use of IC and FSA as intraoperative margin assessment tools requires a multidisciplinary team effort among the surgeons, pathologists and radiologists. The presence of an on-site pathologist would be a requirement for performance of these procedures and may not be available at institutions where the pathology is performed at a separate location or there is limited experience with cytopathologic outcomes. In considering FSA and IC, the multidisciplinary breast team should evaluate their current reexcision rates and if in the 10 % rate range because of current practices of specimen imaging or use of intraoperative ultrasound, a change in practice may not be indicated. As new technology such as those using radiofrequency ablation and intraoperative optical imaging are refined, their performance against FSA and IC should be considered on the basis of this systematic review. 
